Previous research has studied fluorescence development during fish processing; as a result, a bathochromic shift towards higher wavelength maxima was detected and employed successfully as a way of measuring quality changes. In the present work, the same fluorescence analysis was tested for assessing the preservative effect of an antioxidant compound on thermally treated marine lipids. For it, two kinds of marine lipids systems (cod liver oil and horse mackerel white muscle) were heated under different time (up to 15 days), temperature (15ºC, 30ºC and 50ºC) and antioxidant (citric acid) content (0.01-0.50% in the oil systems, w/w; 0.10-1.00% in the fish muscle systems, w/w) conditions. Fluorescence results showed an antioxidant effect at all the temperatures studied; at 50ºC the citric acid presence produced a significant decrease of the bathochromic shift of fluorescence in both the oil and the fish muscle systems when present in the following concentrations rangs: 0.10-0.50% and 0.40-1.00%, respectively.
INTRODUCTION
During processing and storage, enzymatic and nonenzymatic rancidity is known to play a very important role in the degradation processes that take place in fish (1, 2) .
The deterioration pathways have been explained on the basis of the high polyunsaturated fatty acids (PUFA) proportion found in marine species (3, 4) and the great diversity and content of different prooxidant molecules present in the fish muscle (5, 6) .
To avoid lipid damage and extend the shelf life of fish products, a great attention is being given to the antioxidants employment (7, 8) . Recent efforts are now focused in the replacement of synthetic antioxidants by natural ones. Reports have shown that synthetic antioxidants may act as mutagenic and carcinogenic agents (9, 10) , while natural ones have been mentioned to provide nutritional and therapeutic effects (11) .
Thus, naturally occurring antioxidants have been successfully employed with marine oils (12, 13) , minced fish (14, 15) and whole or filleted fish (16, 17) .
Many methods have been used to measure primary (hydroperoxides) and secondary (carbonyl compounds) lipid oxidation products in foods, as a way of determining the degree of food damage (18, 19) . However, most traditional lipid indices have found difficulties when measuring fish quality degradation during thermal treatments (20, 21) . Recent research has shown that simultaneous fluorescence detection at different excitation/emission maxima could afford an accurate tool for assessment of lipid oxidation and quality changes during fish thermal treatment (22, 23) .
In the present work, this fluorescence analysis is tested to follow the preservative effectiveness of an antioxidant compound on marine lipids (marine oil and fish muscle) during thermal treatment. Different time, temperature and antioxidant concentration conditions are studied. Lipid oxidation analysis is also carried out by measuring the browning development. As antioxidant compound, citric acid (CA) is employed as being one of the most common natural antioxidants utilised in biological systems and during fish processing (8, 24) .
MATERIALS AND METHODS

Chemicals and raw fish material
All chemicals employed were reagent grade (E. Merck; Darmstadt, Germany).
Cod liver oil (CLO) was obtained from a commercial source (Bama Geve, S. A.; Barcelona, Spain). Before employing it, acid value (0.9 mg KOH/g lipids), peroxide value (1.6 meq O 2 /kg lipids) (25) and fatty acid composition (26) Fresh horse mackerel (Trachurus trachurus) were obtained 10 h after catching; during this time the fish had been kept on ice. Upon arrival in our laboratory, the fish were employed in the present experiment.
Heated oil systems (OS)
CLO portions (0.5 g) were dissolved in choloroform (10 ml). Ten ml of CA solutions prepared by dilution of a CA stock solution (100 mg/100 ml chloroform-aq. Brown coloration was measured at 420 nm (27) . Marine oil systems were analysed directly. Fish muscle systems were centrifuged (3000 x g for 10 minutes) and filtered. Browning was measured in the filtrate and results were calculated using the following formula (28): Browning value = B x V / w, where B is the absorbance reading at 420 nm, V denotes the volume (ml) of the sample (30 ml for oil systems; 15 ml for fish muscle systems) and w is the mass (g) of the sample (0.5 g for the oil systems; 5 g for fish muscle systems).
Statistical analysis
Fluorescence ratio (δF) and browning values were subjected to the ANOVA one-way method (p<0.05); comparison of means after the ANOVA test were performed using a least-squares difference (LSD) method (29) . Regression analyses were carried out according to Glantz and Slinker (30) . The effect of CA on the oxidative damage of heated CLO was studied at different temperatures (15ºC, 30ºC and 50ºC). The presence of CA led to significantly (p<0.05) lower δF values at the three temperatures tested (Figures 1 and 2 ), so that an antioxidant effect could be concluded in all cases. Fluorescence detection showed large increasing values with the reaction time for both kinds of mixtures at 30ºC and 50ºC; in the case of 15ºC, little significant increases were obtained with time.
The browning development also showed lower values when CA was applied (Table 3 ); significant differences were concluded at the end of the reaction time in the three temperatures tested. Increasing browning values were obtained as long as reaction time increased. This increase was especially sharp at 50ºC.
Correlations between the reaction time and both lipid damage indices at the different temperatures tested were studied (Table 4) ** Abbreviations (OS 0 and OS 4 ) as specified in Table 1. TABLE 5 Browning values* obtained by heating horse mackerel white muscle at 50ºC in the presence of citric acid (CA)** TIME (days) ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ Reaction Mixture ⎯⎯⎯⎯⎯ 
